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Definition

Particle Swarm Optimization (PSO) is a population-
based optimization technique in which individuals 
(called particles) represent a solution in an n-dimen-
sional search space. Each particle has a velocity that
allows it to “fly” over the search space. 

Velocity vectors are updated every iteration consider-
ing particles' best past performance and that of their 
topological neighbors.



Antecedents

Particle Systems

Particle systems have been used in computer graphics 
to model dynamic objects (e.g. smoke,fire, water). Par-
ticles behavior is controlled by a set of attributes such 
as initial position, initial velocity, lifetime, etc. Usually,
the end result is the result of the interaction of parti-
cles' attributes and the environment's simulated phy-
sics. Each particle may also be governed by scripts so
that different condictions in the environment lead to 
different behaviors. 



Antecedents

Simulated Bird Flocks

Scripting within particles was exploited by Reynolds to
simulate the flocking behavior of birds. Each bird in a 
flock follows a set of behavioral rules that collectively
allows the simulated birds to flock. There are three 
categories of behavioral rules in Reynolds's model :

• Collision avoidance 
• Velocity matching*
• Flock centering*

* These two were considered in the initial development of PSO



Antecedents

Social Learning Theory

Social sciences also inspired the design of PSO, in 
particular, Bandura's social learning theory.

In that theory, an individual observing a behavior (in 
another individual) being rewarded, will tend to imitate
that behavior. Example: TV commercials.



Canonical PSO algorithm



Variations: Local PSO

In the local version of PSO, par-
ticles have a topological neigh-
borhood. Topologies can be re-
presented as graphs.

In this version, each particle only 
considers its neighborhood to 
update its velocity. Instead of 
considering gbest, a particle 
considers an lbest in the velocity 
update equation.

The global version is just a spe-
cial case in which all particles 
are connected to each other.



Variations: Inertia Weight

In the early implementations, particles' velocities some-
times grew so much that particles moved away from 
the range in which they were supposed to search. A 
Vmax was introduced as an extra parameter. It was ob-
served that Vmax could impose restrictions in the explo-
ration-exploitation capabilities of the algorithm.

To handle this problem, Vmax was (and is) usually set to 
Xmax, the maximum of the dynamic range in each di-
mension, and an inertia weight factor was introduced.

The new velocity update rule becomes



Variations: Constriction Factor

To avoid explosion and ensure convergence, a constric-
tion factor was included. The new velocity update rule
became

where



Variations: Fully Informed Particles

The social component in the velocity update equation 
can be splitted among all topological neighbors. In this 
way, particles are fully informed since they use all the 
information available from its neighborhood.

The new velocity update equation is

where



Variations: Probabilistic Particles

The way particles sample the search space is not clear 
from their behavioral rules. Experiments show that 
particles use some probability (not exactly normal) 
distribution centered around 



Variations: Probabilistic Particles
(continued)

This led to the design of a new PSO algorithm without
velocity. In the new algorithm, particles move accord-
ing to

when trying to approximate the sampling through a 
Gaussian RNG. Other RNGs have been used. In 
general, they are as good (or as bad) as the canonical
PSO algorithm.



Other Research Issues

We only discussed some variations of the PSO algo-
rithm, but there has been much work on other aspects 
of the technique.

There is work on:

Convergence analysis and parameter selection

Neighborhood topologies

Hybridizations

Applications

Other aspects (DEs, MOO, Communication, etc.) 



Past Research with Promising Future

There is no real consensus on which is the best PSO 
version. Many researchers still use the canonical 
version.

Comparisons against other evolutionary techniques 
date back to the mid 90's.

Experiments using a small set of benchmark pro-
blems. Baggage from the past. 

Undertaking a thorough re-study of PSO could help 
researchers and practitioners to select or even 
design their own PSO algorithms according to the 
characteristics of a given problem.



Future Research

Social learning in the real world happens through 
direct interactions (e.g. when we know someone 
personally), but also through indirect communica-
tion (e.g. when we read a book). In the PSO, only 
direct influences are present (through the topolo-
gical arrangement).

In the real world, indirect communication allows us 
to reach more people in space and time than we 
could in person. 

Could introducing indirect communication capabi-
lities in PSO be beneficial? In which circumstances?



Thank you


